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Introduction
Traditionally, mushrooms have been used to improve human's health [1] , among other uses. In this respect, attention has been focused mainly on exotic mushrooms rather than on edible mushrooms. Recently, health benefits of extracts from Agaricus bisporus (one of the most consumed edible mushroom worldwide), such as antioxidant activity, immunoprotection, anticholesterolitic and antiviral activity, have been described [2] [3] [4] [5] . These properties greatly extend the use of A. bisporus and its extracts as components of new functional foods for the treatment and prevention of diseases, rather than restricting its use to a good food with high nutritional value and good flavor [6] .
Given the increasing utilization of phytonutrients with health benefits in functional foods formulation and as nutraceuticals, the safety of these products has become a major concern. A. bisporus aqueous enzymatic extracts (AbAEE) have unique flavor, good taste, and health benefits which makes it a good candidate for its incorporation in different matrices for development of new functional foods and nutraceuticals. AbAEE contains a high number of bioactive components which could be toxic for humans at high concentrations [7] . However, to the best of our knowledge, the toxicological evaluation of AbAEE had not been studied yet.
The potential use of AbAEE as nutraceutical or incorporated as a part of new functional foods requires its characterization and a subsequent food safety study. Characterization of the main components of AbAEE was addressed by the authors -using Liquid Chromatography-Quadrupole Time-of-Flight-Tandem Mass Spectrometry (LC-QTOF MS/MS) -and recently published [8] . A logical subsequent step was a preliminary toxicological study on experimental animals (rats in this case) by acute and sub-chronic oral administration, looking for establishing a range of allowed concentration, as a first step for application to humans.
Materials and Methods

Mushroom and AbAEE preparation
A. bisporus was supplied by the Grupo Riberebro (Alfaro, La Rioja, Spain), and the AbAEE were obtained according to the process described by Cremades et al. [2] . Briefly, after homogenization, and enzymatic digestion, the hydrolyzate was centrifuged at 8000 × g, resulting in a supernatant and a solid residue. The residue (insoluble material) was discharged, and the supernatant was collected and
The health benefits of extracts from Agaricus bisporus greatly extend its use as components of new functional foods for the treatment and prevention of diseases, rather than restricting it to a good food with high nutritional value and good flavor. A. bisporus aqueous enzymatic extracts (AbAEE) have unique flavor, good taste, and health benefits which makes it a good candidate for its incorporation in different matrices for development of new functional foods and nutraceuticals. The potential use of AbAEE as nutraceutical or incorporated as a part of new functional foods requires its characterization and a subsequent food safety study. The focus of this paper was to carry out a preliminary toxicological study on experimental animals (rats in this case) by acute and sub-chronic oral administration. To evaluate potential adverse effects of AbAEE at high doses the acute toxic class method was used. After administration of the preset doses, behavior changes, toxic symptoms, and deaths were observed continuously for 1 h after treatment and then intermittently at 4 th , 8 th and 24 th h. After these initial observations, the rats were further observed for up to 14 consecutive days for any signs of toxicity and/or death. Because of the likelihood that the results obtained in this preliminary acute toxicity test have a direct relevance for protecting human health with respect to the use of AbAEE as a functional food or nutraceutial, an additional upper dose level of 5000 mg/kg b.wt. was used. Since no death was observed, the LD50 could not be estimated but is expected to exceed 5000 mg/kg and this extract could be classified as hazard category 5 (in Globally Harmonized Classification System for Chemical Substances and Mixtures.) or even unclassified for its acute toxicity by the oral route. The sub-chronic oral toxicity study of AbAEE (250 and 500 mg/kg b.wt. day) did not induce significant alterations in almost all hematological and biochemical parameters in rats. Therefore, the overall results of the present study provide supportive data on the use of AbAEE and provide a promising first step for their use as component of new functional foods or as nutraceutical. Though, further studies in both, animals and humans are needed for better evaluation of the food safety of this extract.
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Experimental animals
Wistar rats weighting 150±20 g for male and 121±18 g for female were used for acute toxicity studies, and rats weighting 103±12 g for male and 94±8 g for female were used for sub-chronic toxicity studies. The rats were supplied by the Central Animal Facility of the University of Seville (Espartinas, Seville, Spain).The animals were allowed to acclimate to the housing conditions for one week and healthy animals were selected for the study.
Four animals per stainless steel cage were housed throughout the study period. Tap water and pellet food for rodent (Panlab, Barcelona) were provided ad libitum. The housing conditions were: temperature 23±2 °C, relative humidity 50-70%, air ventilation 10-20 times/h and light intensity 150-300 lux with 12 h light-dark cycles. All experiments were performed in accordance with the guidelines of the ethic committee of the University of Seville (Spain).
Acute toxicity study
Acute toxicity test was carried out to evaluate any possible adverse effects occurring following oral administration of a single dose of AbAEE. For this study the acute toxic class method was used. This procedure is reproducible and uses very few animals. This method is based in biometric evaluations with fixed doses, adequately separated to enable a substance to be ranked for classification purposes and hazard assessment [9] . Twenty four rats were randomly divided into four groups: one control group (ACT-0) and three treated groups (ACT I-to-III). Each group was composed by 6 rats, 3 per sex ( Table 1 ). After fasting for 12 h, the rats were orally administrated (by gavages) only once with AbAEE dissolved in 2-3 ml of distilled water, at doses 300, 2000 and 5000 mg/kg body weight (b.w.); and the control group was treated with distilled water (10 ml/kg b.w.). After administration of the preset doses, the rats were allowed access to food and water ad libitum, and behavior changes, toxic symptoms, and deaths were observed continuously for 1 h after treatment and then intermittently at 4 th , 8 th and 24 th h. After these initial observations, the rats were further observed for up to 14 consecutive days for any signs of toxicity and/or death. Any adverse effects, such as hypoactivity, fur-erection, salivation, and syncope were evaluated immediately after administration of the different doses of AbAEE. Body weights were measured on day 1, 7 and 14, food and water intake were registered every two days and anorexia and weight loss were recorded. All test animals were subjected to gross necropsy and microscopic examination.
Sub-chronic toxicity study
The 90-day study provides information on the possible health hazards likely to arise from repeated exposure over a prolonged period of time covering post-weaning maturation and growth well into adulthood. The study will provide information on the major toxic effects, indicate target organs and the possibility of accumulation, and can provide an estimate of a no-observed-adverse-effect level of exposure which can be used in selecting dose levels for chronic studies and for establishing safety criteria for human exposure [10] .
Sixty rats were randomly divided into three groups: one control group (SCT-0) and two treated groups (SCT I and SCTII), each group integrated by 20 rats, ten per sex ( Table 2 ). Rats in treatment groups were orally administrated with AbAEE at doses 0,250, and 500 mg/kg day for 90 days (13 weeks). Rats in the control group were administrated orally with only water, which was used as a vehicle. According to Wang et al. [11] , the higher dose (500 mg/kg) should be estimated as 10% of LD50. In our case, and because estimation of the LD50 was unable, the highest dose assayed for acute toxicity (5000 mg/kg) was used as reference for estimation. Thirty six rats (18 males and 18 females), six per group and sex, were sacrificed at the end of day 90 (13 weeks). The remaining rats in each group were continuously observed during the days following day 90 for four weeks; then sacrificed at the end of day 119 (17 weeks). Blood samples were collected for hematological and biochemical analyses. Body weight, food and water consumption were recorded once a week during the experimental period.
Measurement of blood parameters
The rats were anesthetized with sodium pentobarbital by intraperitoneal injection, and the blood samples were obtained through abdominal aorta puncture and collected into vials containing sodium citrate for complete blood analysis. Hematological and serum biochemical analyses were performed for 12 rats/group, 6 rats/sex at the end of treatment period (90 days), and 8 rats/group, 4 rats/sex at the end of the recovery period (21 days). Coagulation parameters, including Activated Partial Thromboplastin Time (APTT) and Prothrombin Time (PT), were analyzed using a semiautomatic blood coagulation-analyzer (Maccura BCS-04).
Biochemical analysis:
Biochemical analyses were carried out in serum. Serum samples were obtained by centrifugation at 1.500 x g for 15 min, and stored at -20 °C until analysis. The biochemical Table 1 : Distribution of control and treated groups for acute toxicity study.
Group:
ACT-0 ACT-I ACT-II  ACT-III   n  6  6  6  6   Male  3  3  3  3   Female  3  3  3  3 Dose (mg/kg) 0 300 2000 5000 Table 2 : Distribution of control and tested groups for sub-chronic toxicity study. , and Glucose (GLU), were determined by a fully automatic biochemistry analyzer (Beckman Coulter-AU480, USA). Na + , K + , Ca 2+ , and Clwere determined by an electrolyte analyzer (Roche-AVL9181, USA).
Group
Organ weight and histopathology analysis
Animals were sacrificed after blood collection. Necropsies were performed on all animals at the end of the treatment and recovery periods. The major organs, including heart, spleen, liver, lungs, kidneys, brain, thymus, adrenal gland, uterus, ovary, and testis, were isolated, and absolute organ weights were determined.
For histopathology analysis, only organs of the high dose group (0.75 g/kg) and control group of both sexes were examined, providing no abnormal changes appeared in the treatment group after macroscopic examination. All organs samples (4 µm thick) were fixed in 10% neutral formalin buffer and stained with hematoxylineosin dye. The pathological changes were observed under a lightmicroscope (Leica DC-300, Germany), and the histopathological analysis was conducted by a pathologist who was blind to provenance of the samples.
Statistical analysis
The results are presented as mean value ± standard deviation (SD). Statistical analyses were performed using a 2-way Analysis of Variance (ANOVA) with a subsequent Bonferroni post hoc test for pair wise comparisons between various combinations of two groups. A p-value <0.05 was considered statistically significant. Statistical analyses were performed using the SPSS 16.0 software.
Results and Discussion
AbAEE could be considered as a functional food or nutraceutial per se or as component of formulations thanks to its health benefits. This extract not only provides nutrients (carbohydrates, proteins, vitamins and minerals) but also it has a unique profile of bioactive components with health benefits, especially those with antioxidant and antiviral activity [2] [3] [4] .
AbAEE is a complex extract that mainly contains polar compounds due to its aqueous nature [12] , but also no polar compounds could be present. The composition of AbAEE as determined by Delgado-Povedano et al. [8] by high quality MS/MS spectra obtained by LC-QTOF MS/MS allowed identification of one hundred twenty-three compounds which were divided into 21 groups, and among which fifty five were described for the first time, including alkaloids, amino acids and derivatives, carboxilic acids and derivatives, mono-and disaccharides, sugar acids and derivatives, fatty acids and conjugates, phospholipids and derivatives, and nucleotides and derivatives, among the most significant.
Most of the so far known compounds in AbAEE are safe; however, some of them have in the past been considered toxic at relatively low concentration, in particular agaritine, a naturally occurring phenylhydrazine derivative present in wild and cultivated Agaricus mushroom species, including the cultivated mushroom A. bisporus. Agaritine has been described in some studies as a potential carcinogen; however, the available evidence to date shows that agaritine of cultivated A. bisporus mushrooms poses no known toxicological risk to humans [13] .
To evaluate the safety of AbAEE as a potential dietary supplement for human consumption (nutraceutical), data regarding acute (LD50) and chronic toxicity are needed to establish potential hazardous effects derived from repeated exposure over a long period of time.
Although in silico search on TOXNET Database for potential toxicity of the 95 compounds found in AbAEE reveals no potential toxicity [14] , we decide to test the safety of AbAEE in experimental animals both exposed only once to a very high dose (acute toxicity), and to a relative high dose (sub-chronical toxicity) for long exposure (90 days).
Acute toxicity study of AbAEE
To evaluate potential adverse effects of AbAEE at high doses, an acute toxicity test was carried out. As there was no information on AbAEE about mortality, for animal welfare reasons it was recommended to use the starting dose of 300 mg/kg of bodyweight. In Table 3 is shown the effects and general behavioral changes of the rats following oral administration of AbAEE at the doses of 0.00 (controls), 300 and 2000 mg/kg. The results showed that AbAEE, at 2000 mg/kg b.wt., did not cause mortality or any sign of adverse effects during the 14 days of study, and no abnormal clinical symptoms in fur, eye color, asthenia, anorexia, salivation, piloerection, locomotors activity or diarrheal in all the treated animals, were observed. The body weight and food consumption also remain unchanged when compared to the untreated control group. The internal organs, including liver, kidney, brain, heart, lung, spleen and thymus, of control and treated groups do not show any unusual signs and were found normal in both size and color. It is necessary to take into account the likelihood that the results obtained in this preliminary acute toxicity test have a direct relevance for protecting human health with respect to the use of AbAEE as a functional food or nutraceutial. For this reason and exceptionally, an additional upper dose level of 5000 mg/kg b.wt., was used. Since no death was observed, the LD50 could not be estimated but is expected to exceed 5000 mg/kg. Therefore, it can be admitted that acute toxicity of AbAEE by the oral route can be classified as category 5 or even unclassified in the Globally Harmonized System of Classification and Labelling of Chemicals (GHS). In conclusion, it can be said that the absence of signs of morbidity and mortality in the oral dose study is an evidence of the safety of the short-term oral administration of AbAEE.
Sub-chronic toxicity study of AbAEE
The assessment and evaluation of sub-chronic oral toxicity of AbAEE was carried out in an attempt to obtain information on the possible health hazards caused by repeated exposure over long periods of time. The study was carried out using animals covering postweaving maturation and growths well into adulthood. No treatment related abnormalities in clinical and behavioral signs or deaths, related with AbAEE treatment, were observed during treatment and recovery periods at any of the assayed doses (250 and 500 mg/kg b.wt.). All animals in the control and AbAEE treated groups survived until the scheduled necropsy on days 90 and 119. Figure  1A , no significant difference (p>0.05) in the body weight of female rats was observed between AbAEE-treated groups and the control group at the end of both treatment and recovery periods. However, the body weight of male rats subjected to the higher dose (500 mg/ kg) was slightly lower than that of the control groups during the recovery period (29 days) 329±11 g and 349±8 g, respectively ( Figure  1B) . No statistically significant difference was observed in food and water consumption between AbAEE-treated groups and the control group at the end of both treatment and recovery periods (data not shown). The fact that body weight, water and food intakes were not altered during the treatment and recovery periods suggests no serious toxic effects of oral administration of AbAEE. As the changes in body weight have been used as an indicator of adverse effects of drugs and chemicals [15, 16] , the present results suggest that 500 mg/kg of AbAEE as oral doses are non-toxic in Wistar rats.
Effects of sub-chronic oral administration of AbAEE on the body weight, food and water consumption: As shown in
Effects of sub-chronic oral administration of AbAEE on blood parameters:
At the end of the treatment and recovery periods, blood samples were collected and hematological, coagulation and biochemical parameters of both control and treated groups were measured.
-Effects of AbAEE on hematological parameters
The effect of sub-chronic oral administration of AbAEE on the hematological parameters at the end of treatment and recovery periods is summarized in Table 4 . As compared with the control group, most of hematological parameters measured in the treated animal were not significantly different. Statistically significant differences were observed only for HGB in male rats and in HGB and MCV in female rats at the dose of 500 mg/kg day at the end of the treatment period. On the contrary, no significant difference was observed in AbAEE-treated groups for female and male rats compared with the control group at the end of the recovery period.
Hematological parameters, together with coagulation and biochemical parameters, are relevant to evaluate risks as changes in the hematological system. Also, they are of capital importance as the most sensitive targets for toxic chemicals and as key indices of physiological and pathological status in humans when the data are extrapolated from animal studies [17, 18] . In this study with the exception of a short temporary increase in HGB in male rats and in HGB and MCV in female rats at the dose of 500 mg/kg day, no significant differences were found in hematological parameters at the end of the treatment period as compared with the control group; as also didn't at the end of the recovery period; therefore, the results suggest that AbAEE has no influence on these parameters in rats.
-Effects of AbAEE on coagulation parameters
No statistically significant differences in coagulation parameters (APTT and PT) were observed between control and AbAEE-treated groups for female and male rats at the end of both treatment and recovery periods (data not shown). Table 5 shows the values of the biochemical parameters at the end of the treatment period, at which all biochemical parameters tested 
-Effects of AbAEE on biochemical parameters
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ISSN: were not significantly different between the control and AbAEEtreated groups for female and male rats. Same results were observed at the end of the recovery period with the exception of a statistically significant decrease in female rats between the control group and the 500 mg/kg AbAEE-treated group in two parameters: ALB: 3.54±0.25 and 4.13±0.13 g/dL, respectively, (p <0.01) and TP: 6.09±0.52 and 6.90±0.20 g/dL, respectively, (p <0.05).
-Effects of AbAEE on blood electrolytic parameters
No significant differences were observed between the control and AbAEE-treated groups for female and male rats in blood electrolytic parameters at the end of both treatment and recovery periods ( Table  5 ).
Effects of sub-chronic oral administration of AbAEE on organ weight:
Statistically significant decreases between the control and 500 mg/Kg AbAEE-treated group were observed in female rats for absolute brain weight (2.04±0.11 g and 1.91±1.63 g, respectively, p < 0.05) and relative thymus weight (0.28±0.07 g and 0.25±0.03 g, respectively, p < 0.05), at the end of the treatment period. For male rats, a statistically significant decrease between control and 500 mg/ Kg AbAEE-treated group was observed for thymus weight (0.40± 0.08 g and 0.30±0.07 g, respectively, p < 0.05), whereas the adrenal gland weight was statistically significant increased (0.05±0.01 g and 0.06±0.03 g, respectively, p < 0.05). At the end of the recovery period, no significant difference was observed in AbAEE-treated groups for female and male rats in organ weights as compared with the control group.
Effects of sub-chronic oral administration of AbAEE on histopathological analysis:
For the histopathological analysis, the organs, including heart, spleen, liver, kidneys, lungs, brain, thymus, testis, uterus, and ovary, were examined. No pathological changes were observed in both AbAEE-treated groups and the control group for rats at the end of both treatment and recovery periods (data no shown).
Conclusion
In conclusion, AbAEE cannot be classified for its acute toxicity, as they did not cause either lethality or adverse changes in the general behavior when the highest dose (5000 mg/kg) was administrated orally. Thus, this substance could be considered without acute toxicity. The sub-chronic oral toxicity study of AbAEE (250 and 500 mg/kg b.wt. day) only induced significant alterations in some hematological and biochemical parameters in rats. Therefore, the overall results of the present study provide supportive data on the use of AbAEE Table 4 : Effect of sub-chronic oral administration of AbAEE on the hematological parameters in Wistar rats after 91 days of treatment and 28 days of recovery.
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